Introduction
Obsessive-compulsive disorder (OCD) is reported with a prevalence of 0.5-3 % in children and adolescents [1] [2] [3] . This disorder has a chronic course in 40-75 % of cases [4] [5] [6] . The majority of children with OCD fulfil criteria for one or more other psychiatric diagnoses [7, 8] . Depression, anxiety disorders, attention deficit hyperactivity disorder (ADHD) and tic disorder are frequent comorbidities in paediatric OCD. In addition, elevated levels of autism spectrum disorder (ASD) are reported in OCD in adults [9] [10] [11] as well as in children and adolescents [12] . Cognitive behavioural therapy (CBT) with exposure and response prevention (E/RP) is well documented and recommended as first-line treatment for paediatric OCD in international guidelines [13] [14] [15] [16] .
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The assessment of quality of life (QoL) is established as an important outcome factor independent of symptom level, because pathology does not have a simple linear relationship with well-being [17] . QoL is defined as subjective well-being on several domains of life [18] . The European Agency for the evaluation of medicinal products and the U.S. Department of health and human service food and drug administration support the use of patient-rated outcomes, including QoL measures, in clinical trials and have published guidance on the development of reliable measures [19, 20] . In contrast to adult OCD, little is known about QoL of children and adolescents with OCD and nothing at all about the relationship between treatment of OCD and QoL in young people.
In adults, changes in QoL seem to be associated with OCD symptom severity [21, 22] and with the presence of comorbid conditions, particularly depression. To date, four review articles on QoL in adults with OCD have been published [23] [24] [25] [26] , all of which concluded that QoL was markedly lower in patients with OCD compared with the general population. Macy and colleagues [24] underlined the importance of QoL assessment in both clinical and research settings to examine disease burden, to monitor treatment effectiveness, to determine the extent of recovery from OCD and to take these factors into account when developing treatment plans.
A variety of studies have evaluated QoL changes after different treatment options. The common feature of all studies is that they have focused on adults only. A few studies evaluated QoL after a CBT intervention. For example, Diefenbach and colleagues [27] observed significant improvement in QoL among adults with OCD after CBT. Changes in OCD symptoms and QoL were highly related, although there was a subset of participants whose symptoms improved without corresponding improvement in QoL.
Other studies have explored the relationship of more complex treatment conditions with QoL including inpatient treatment, medication and behavioural interventions, or combinations of these conditions. Moritz and colleagues [28] explored changes in QoL after treatment in adults with OCD, and the association between QoL changes and symptom-related outcomes. Overall, QoL improved significantly in therapy responders relative to non-responders. Hertenstein and colleagues [29] investigated QoL before and after treatment in an inpatient setting followed by outpatient treatment. At baseline, participants had lower QoL compared with the general population. QoL improved significantly at 12-month follow-up but remained below the values in the general population. Hollander and colleagues [22] found evidence that long-term pharmacological treatment of OCD improved QoL and that symptom relapse was associated with deterioration in QoL. Tenney and colleagues [30] reported improved QoL following pharmacological interventions. Interestingly, treatment responders, defined by a 35 % reduction in the Y-BOCS score, did not differ in their improvement in QoL, suggesting that QoL improvement was not associated with symptom reduction.
The findings related to QoL from adult OCD research cannot be generalized to children, who experience continuous development [31] and different perceptions of subjective well-being compared with adults [32] . In addition, the evidence from one informant does not represent a sufficiently complete picture in paediatric QoL studies because child and parent reports have shown low agreement [33, 34] . Both perspectives are important because they are not expected to be identical, but rather that both are "part of the social reality we call child well-being" [35] . Therefore, both perspectives need to be considered to obtain reliable outcome information. Only a few studies have assessed QoL in children and adolescents with OCD. One study [36] evaluated baseline characteristics of children with OCD at a mean age of 12 years and their predictive value for QoL in young adulthood after an average of 9 years of follow-up. QoL was assessed at follow-up only. Remitters demonstrated better QoL than non-remitters. QoL in early adulthood correlated strongly with the severity of residual OCD symptoms but not with OCD symptom severity in childhood. Another study of long-term outcomes of children and adolescents with OCD [4] reported mildly to moderately affected QoL assessed at follow-up when the mean age of the participants was 18.6 years. At this time, 61 % reported very much or much improvement in OCD symptoms; QoL was not assessed at baseline. Lack and colleagues [37] found significantly lower QoL scores in 62 children and adolescents with OCD than in healthy controls assessed as part of the baseline before treatment. QoL was only moderately associated with OCD symptom severity, as reported by parents. Therefore, the authors suggested that OCD symptom severity and QoL are two related but distinct constructs. In addition, the presence of comorbid externalizing and internalizing symptoms was a strong predictor of lower QoL scores. A previous study from our group [38] reported on QoL and baseline characteristics before treatment. This study confirmed the findings of Lack and colleagues in a larger sample size showing considerably impaired QoL in children with OCD. Children with OCD and comorbidity had the lowest QoL compared with those with OCD only. Lack and colleagues stated in 2009 that evidence from studies of adults with OCD suggests that both CBT and pharmacotherapy are associated with improved QoL following treatment, but this has yet to be studied in youth. The most recent review on QoL in adults with OCD [26] stated : "…little is known about the impact of OCD on QoL in paediatric patients. As there is a substantial prevalence of OCD in childhood and adolescence due to its early age of onset, there is an obvious need for further exploration of QoL in these populations; however, this is currently lacking."
In this paper, we report on the relationship between a treatment intervention with CBT and QoL in children and adolescents with OCD, assessing prospectively QoL before and after treatment.
Aims
The aims of the present study were: (1) to assess changes of QoL after treatment with CBT in children and adolescents with OCD reported both by children and their caregivers, compared with QoL rating in an age-and gender-matched sample of student and parent reports from the general population, and (2) to assess whether the treatment response, comorbidity, psychosocial functioning or family accommodation are associated with QOL changes after controlling for gender, age and socio-economic status (SES).
Methods

Participants
Sample description
The present QoL study is a substudy of a multicentre treatment research project, the Nordic Long-term OCD Treatment Study (NordLOTS), in which 269 children and adolescents, aged 7-17 years, were treated for OCD with CBT between September 2008 and June 2012. The NordLOTS trial has been described in detail elsewhere [39] [40] [41] . We use the term "children" to denote children and adolescents in this paper. The present QoL study was initiated later than the NordLOTS and at different time points in the three participating countries because of differences in the availability and approval of the national translations of the QoL questionnaire used. Of 155 patients eligible for participation in the study, 22 refused to participate or did not complete the QoL instrument Questionnaire for Measuring Health-related Quality of Life in Children and Adolescents, revised version (KINDL-R). Each child and one of his or her caregivers completed the QoL questionnaire at baseline, giving 135 completed forms from either a child and/or one caregiver. Completed QoL assessments after treatment were available for 106 children and parents (Fig. 1) . ASD was an exclusion criterion in the main treatment study, but nine individuals with Asperger's syndrome/high-functioning autism (HFA) were included in a substudy at one site (Trondheim). Complete QoL assessment was available for eight of these nine patients. Details are described elsewhere [38] .
Treatment
Treatment comprised 14 sessions of weekly individual CBT with E/RP based on the study protocol of March and Mulle in collaboration with Foa and Kozak [42] . The treatment was modified to include more extensive family participation based on the work of Piacentini and colleagues [43] and adapted to fit Nordic cultural conditions. Parents were encouraged to participate actively during the entire course of their child's treatment and both the child and the parent to jointly attend sessions 1-3, 7, 11 and 14. During these sessions, information was provided about treatment rationale and goals, and the parents' role in the treatment process, and ideas about particular OCD problem areas for the child were addressed. In the remaining sessions, 45 min of individual CBT was offered to the child, followed by an additional 30 min for a parents' session (with or without the child). The purpose of the latter was to address issues such as family accommodation, family support, problem solving and questions parents might have. The focus of the treatment was the gradual exposure to threatening situations based on a detailed symptom hierarchy, including homework exposure exercises. If appropriate, parents were asked to support and closely monitor homework assignments. Towards the end of the therapy, the emphasis shifted to generalizing skills and relapse prevention.
Treatment response
A clinical response was defined as a Children's Y-BOCS (CY-BOCS) total score of ≤15, assessed by independent evaluators as the primary outcome measure and a 30 % reduction in the CY-BOCS score as a secondary outcome measure. Among the 106 children with complete QoL data, 71 (67 %) were treatment responders and 35 (33 %) non-responders.
Age, gender, ethnicity and SES
At baseline, the mean age of the participants was 13 years (SD 2.7 years, range 7-17). The gender distribution was even, with 65 girls (48.1 %). Thus, the QoL study sample was representative of the NordLOTS, in which the mean age was 12.8 (SD 2.7) years, whereas the gender distribution diverged slightly with more girls represented (51.3 %). If compared without the nine male participants from the ASD substudy, the gender distribution was equal in both samples (51.3 vs. 51.6 % girls in the QoL study). Ethnicity was primarily Scandinavian: 97 % of the participants had one or both parents of Scandinavian origin. SES was calculated using the highest educational level of either the mother or father (whichever was highest) and assessed as suggested by Hollingshead [44] ; the scores ranged from 1 to 7 (7 = university education). The educational level of parents was generally high (M = 5.30; SD 1.39). The SES in the QoL study participants did not differ significantly from that of the participants in the main NordLOTS study (t(270) = 0.92; p = 0.357; M = 5.14, SD = 1.47).
Comorbidity
Comorbidity at baseline was common, especially neuropsychiatric conditions, other anxiety disorders and, to a lesser degree, depression. Only 69 patients (52.3 %) had "pure" OCD without any other comorbidity (hereafter named "OCD only"). Eighteen patients (13.6 %) met the diagnostic and statistical manual of mental disorders 4th edition (DSM-IV) [45] criteria for ADHD and 37 (28 %) for tic disorder; 14 had both. Conduct disorders were diagnosed in six patients (4.5 %). Other anxiety disorders were diagnosed in 28 patients (21.2 %): two patients had separation anxiety, 16 specific phobia (12.1 %), eight social phobia (6.1 %), six generalized anxiety disorder (4.5 %) and two unspecified anxiety. Four patients had two and one patient had three additional anxiety disorders. Seven patients (5.3 %) had depression; six of these seven had a diagnosis of major depressive disorder and the other had unspecified depression. No other psychiatric comorbidity was diagnosed. The ASD group (n = 9) contributed heavily to the load of comorbidity: only one of the ASD patients had OCD only, seven had other neuropsychiatric conditions (three with tic disorder, two with ADHD and two with both tics and ADHD) and one patient had another anxiety disorder (specific phobia).
Attrition
Baseline assessment of QoL resulted in 135 completed forms from either children and/or one of their caregivers (133 child forms and 130 parent forms, including two cases where only the parents completed the questionnaire and five cases where only the children completed the questionnaire). This yielded response rates of 86 % for eligible children and 84 % for the parents. Post-treatment QoL assessment was available for 109 participants (70 %). In three cases with QoL assessment, post-treatment responder status was missing at the time of the data analysis. Attrition from missing QoL reports or responder status resulted in a response rate of 68 % (n = 106) of all invited participants (children and parents) who completed QoL assessments before and after treatment (see Fig. 1 ).
Comparison group
A large normative data sample comprising students from schools in Sør-Trøndelag county [46, 47] , which represents a comparable geographical area as the study area with both urban and rural settlement, was used as a control group. Every child or adolescent with OCD was matched individually with a control from the general population sample (n = 1,821, aged 8-16 years). This sample was stratified according to gender and age, and controls were numbered consecutively in each stratum. Using computergenerated random numbers, we then allocated each patient to a control. The parents' educational level did not differ significantly between patients (M = 5.19) and the allocated controls from the general population (M = 5.29) (t(118) = 0.51, p = 0.61, paired-samples t test). Details of the general population sample are described elsewhere [38] .
Instruments
QoL
The KINDL-R [48] is a well-established QoL instrument used in several clinical and epidemiological studies. Swedish and Norwegian versions of the questionnaire were available, and the Danish translation was prepared and approved by the original authors. We used the self-report questionnaire for children and adolescents as well as the proxy version completed by one of the parents. The questionnaire comprises 24 items, whose scores are equally distributed into six subscales: physical well-being, emotional well-being, self-esteem, family, friends and school. Each item addresses the child's experiences over the past week and is rated on a five-point scale (1 = never, 5 = always). The mean item scores are calculated for all subscales and for the total QoL scale, which is transformed to a 0-100 scale, with 100 indicating very high QoL. The instrument also provides a disorder-related subscale yielding information about the perception of the disorder burden. We modified the form by adding the sentence "Concerning your OCD …" for children, and "Concerning your child's OCD …" for parents to the disorder-related questions to ensure we tracked the informants' perception of OCD and not a concurrent somatic or other disorder. Psychometric testing of the KINDL-R revealed good scale utilization and scale fit as well as moderate internal consistency [49] . A Norwegian normative study also confirmed satisfactory internal consistency and test-retest reliability [47] and ceiling effects [46] . In a review of QoL measures in children and adolescents, Solans and colleagues [50] found that the KINDL-R is one of the few identified generic instruments for which acceptable sensitivity to change has been reported.
OCD diagnosis and comorbidity
The Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime version (K-SADS-PL) [51] is a widely used semi-structured interview for diagnostic assessment of DSM-IV [45] psychiatric disorders and subsyndromal symptomatology in children and adolescents. The K-SADS-PL was used to confirm the diagnosis of OCD according to the DSM-IV and to evaluate comorbidity. The K-SADS-PL was administered by interviewing the parent(s) and the child. Approved translations of the revised version of the K-SADS-PL [52] used in the study were available for all three languages.
OCD symptom severity
Symptom severity was assessed with the CY-BOCS [53] including the Clinical Global Impression (CGI). The CY-BOCS is a semi-structured interview containing checklists of obsessions and compulsions. Scales assessing the severity of obsessions and compulsions separately (range 0-20) are added to a CY-BOCS total score (range 0-40). Finally, a global severity score (CGI) is assigned based on all information gathered during the interview. The checklists and the severity ratings were based on interviews with each child and each parent or adult informant. CGI is a widely used rating scale for clinicians to assess the global severity of illness with a score ranging from 0 ("no illness") to 6 ("serious illness"). The CY-BOCS showed reasonable reliability and validity, high internal consistency (α = 0.90) and test-retest reliability for the total score (ICC = 0.79), and good inter-rater agreement (ICC = 0.84) for the total score [54, 55] .
Family accommodation
The Family Accommodation Scale (FAS) [56] is a 12-item clinician-rated questionnaire, designed to assess the family's accommodation to the child's OCD symptoms. The FAS items measure the extent to which family members provide reassurance or objects needed for compulsions, decrease behavioural expectations of the child, modify family activities or routines and help the child avoid objects, places or experiences that cause distress. The FAS has demonstrated good psychometric properties including good internal consistency (α = 0.76-0.80) [56, 57] and positive correlations with measures of OCD symptom severity [58] and family discord [56] .
Children's Global Assessment Scale
The Children's Global Assessment Scale (CGAS) is a rating scale for assessing children's general level of psychosocial functioning and is used primarily by clinicians [59] . It is used widely as a measure of the overall severity of disturbance in children; for example, for treatment evaluation as well as an index of impairment in epidemiological studies. Scores range from 1 (most impaired) to 100 (healthiest). The CGAS has demonstrated adequate inter-rater and test-retest reliability [60, 61] .
Statistics
Statistical analyses were performed using the statistical package for the social sciences (SPSS), version 21 (IBM Corp., Armonk, NY). At baseline, 0-9.2 % of the parents' reports had missing values for the first five of six KINDL-R subscales, and 10.8-13.1 % had missing values in the disorder subscale. The corresponding percentages of missing values in the children's reports were 0-6.0 % for the first five subscales and 5.3-8.3 % for the disorder subscale. At the posttreatment assessment, 0-6.6 % of the parents' reports had missing values for the first five subscales of the KINDL-R and 10.7-13.9 % had missing values for the disorder subscale. The corresponding percentages of missing values in the children's reports were 0.8-7.3 % for the first five subscales and 10.6-12.2 % for the disorder subscale. Missing values were substituted with the mean according to the KINDL-R manual, which states that if more than two questions in a section of four were not answered, no subscale score nor a total QoL score is produced. Accordingly, the number of participants varied between subscales and QoL total scores.
In all other instruments, there were low percentages of missing values: 0 % (CY-BOCS) to 3.7 % (FAS). Missing values and attrition were in general low. Therefore, statistical calculations were conducted as complete case analyses.
Changes in the participants' total QoL scores before (T1) and after treatment (T2) and level of QoL after treatment compared with QoL level in the general population were analysed by paired sample t tests. Linear regression analyses of the difference in QoL scores between T2 and T1 as the dependent variable, dichotomized as responders and non-responders to treatment, were used to estimate the changes in QoL after treatment. All linear regression analyses were adjusted for gender, age and SES as potential confounders. The Pearson Chi-squared test was used to analyse differences in QoL total score between T1 and T2 in participants who were not classified as responders to treatment.
Results
QoL in children with OCD before and after treatment
QoL as reported by children with OCD and their caregivers improved markedly after treatment ( Table 1 ). The changes in QoL total scores and all subscale scores except the friends and school subscale in the children's report were significant (see Table 1 ). Table 1 Quality of life assessed by the KINDL questionnaire, children's self-reports and parent proxy reports before and after treatment
The sample sizes were 92-109 for the children's self-reports before (T1) and after treatment (T2) and 90-106 for the parent proxy reports 
QoL changes in responders versus non-responders to treatment
QoL total score changed significantly in the responders (mean change 7.4 for children's reports and 9.2 for parents' reports) but changed only slightly in non-responders (mean change 0.23 for children's and 1.2 for parents' reports). Being a responder was associated with QoL improvement from T1 to T2 in both the children's reports (β = 0.30; p = 0.002) and parents' reports (β = 0.32; p = 0.001) (Fig. 2) . There was no significant effect of potential confounders (gender, age and SES) on parents' or children's reports.
In a subsequent analysis, we identified six children (and five parents) who reported clinically important QoL improvement, defined as a difference in QoL total score between baseline (T1) and post-treatment assessment (T2) of >9 without being classified as responders to treatment (CY-BOCS total score <16). The difference was significant: χ 2 (1) = 10.31; p = 0.002 in children's reports and χ 2 (1) = 5.35; p = 0.027 in parents' reports. Further inspection of the data showed that the CY-BOCS scores decreased markedly from T1 to T2 in these participants, although not to the extent that they met the criteria for a clinical response (i.e., CY-BOCS <16). One participant reported QoL improvement without clinical improvement (no change in CY-BOCS score).
Comorbidity and changes in QoL after treatment
The presence of comorbidity, defined as OCD only versus OCD with any comorbidity as assessed at the baseline, was not associated with changes in QoL. The QoL change between T1 and T2 did not differ significantly in children with comorbidity compared with those without comorbidity as indicated in both the children's reports (β = 0.001, p = 0.989) and parents' reports (β = 0.018, p = 0.854).
This was also the case when the study population was dichotomized as responders and non-responders: children's report responders β = -0.039 (p = 0.751) and nonresponders β = 0.180 (p = 0.300); and parents' report responders β = -0.023 (p = 0.853) and non-responders β = 0.149 (p = 0.424).
Family accommodation and changes in QoL after treatment
Family accommodation, defined by the FAS score at the baseline, was not associated with changes in QoL after treatment for the total group: children's reports β = 0.102 (p = 0.301) and parents' reports β = 0.142 (p = 0.158). When dichotomized into responders and non-responders to treatment and after controlling for confounders (gender, age and SES), the baseline FAS score was not associated with changes in QoL total scores in the children's reports (non-responders: β = 0.315, p = 0.098; responders β = 0.073, p = 0.594) and in the parents' reports (nonresponders: β = 0.294, p = 0.115; responders β = 0.132, p = 0.274).
Psychosocial functioning and changes in QoL after treatment
Psychosocial functioning, defined by the CGAS score at baseline, was not associated with changes in QoL after treatment: children's reports β = -0.004 (p = 0.965) and parents' reports β = 0.017 (p = 0.871). When dichotomized into responders and non-responders, the CGAS score at baseline was not associated with QoL changes.
QoL after treatment compared with QoL levels in the general population
In the analysis of responders and non-responders together, the post-treatment QoL total score reported by children did not differ significantly from that in the general population: QoL total score mean difference −2.25 (p = 0.178). However, parents' rating of QoL total score differed between responders and non-responders: mean difference -7.30 (p < 0.001) (Fig. 2) . When dichotomized into responders and non-responders, the QoL scores for non-responders were significantly different from those of the matched cases from the general population in both the children's and parents' rating: QoL total score mean difference −10.78 (p < 0.001) for the children's reports and −18.36 (p < 0.001) for the parent reports. By contrast, after treatment, the responders achieved the same QoL as reported in the matched cases in the general population: QoL total score mean difference 1.76 (p = 0.347) for the children's reports and 2.17 (p = 0.210) for the parents' reports (see Fig. 2 ).
Discussion
QoL as reported by both children with OCD and their caregivers improved substantially after treatment. QoL total scores increased significantly in the responders to treatment, to such an extent that they were similar to that of the matched controls in the general population. The presence of comorbidity, degree of family accommodation and level of psychosocial functioning were not associated with changes in QoL after treatment.
QoL levels after treatment corresponding to QoL in the general population
In our sample, the baseline QoL was markedly lower in children with OCD compared with the general population. This is consistent with studies of OCD in adults and the two published studies of baseline or population data for paediatric OCD patients [37, 62] . We found that, after treatment, the QoL ratings in the responders were in the same range as in the general population, whereas non-responders to treatment exhibited almost no change in QoL except for one patient. These findings suggest that the CBT treatment intervention was highly effective in reducing symptoms in responders and in improving QoL to the level observed in the general population. Similarly, in the previously mentioned follow-up study of Palermo and colleagues [36] , remitters to treatment showed no impaired QoL in adulthood, and non-remitters had mild QoL impairment only. However, these studies cannot be compared directly. The therapeutic intervention in the study by Palermo and colleagues included medications and/or behavioural therapy throughout the study interval, but some of the participants continued to receive active psychiatric treatment, including medication in 60 % of participants, when QoL was assessed at a mean age of 21 years. In addition, data from the baseline assessment and for a general population control were not available in the study by Palermo and colleagues, and long-term follow-up data are not yet available for our study.
Our findings of QoL improvement to normal levels after treatment contradict the findings from studies in adults. For example, Huppert and colleagues [63] found that QoL scores in individuals in remission tended to be between those of healthy controls and individuals with current OCD, and to not differ significantly from either group. Moritz and colleagues [28] found significantly improved QoL in therapy responders relative to non-responders but that compromised QoL persisted in most patients over time. OCD severity correlated only modestly with QoL suggesting that QoL improvement after treatment reflected several factors that influence QoL and not just improved OCD symptoms. In Hertenstein's study [29] , QoL improved significantly after 12 months of intensive state-of-the-art treatment, but the QoL indices remained considerably lower than the population norm values. By contrast, our results showed that appropriate treatment of children and adolescents who were treatment responders improved QoL to levels in the normal population. One explanation might be that treatment in children has a more profound effect on QoL because it is likely that children have a shorter course of the disorder than do adults. In addition, in paediatric patients, treatment may increase the number of patients who experience complete remission of symptoms, whereas samples of adult patients may include a higher frequency of chronic patients. However, Hertenstein assessed QoL at baseline and at follow-up 12 months after the inpatient treatment, which included continuing outpatient treatment, whereas QoL in our sample was assessed after 14 weeks of treatment intervention. Thus, it is not clear whether the QoL scores in our study will be maintained in the normal range 1 year after the therapeutic intervention. Our study includes a follow-up over 3 years after treatment to explore whether the treatment gains in terms of symptom reduction and QoL improvements will be stable over time.
Children's self-reports versus parents proxy reports Children in general reported their QoL to be better than their caregivers did. In a review on parent-child agreement in QoL measurement [34] , parents of children in a nonclinical sample tended to report higher child QoL scores than the children themselves, while parents of children with health conditions tended to underestimate their children's QoL. However, Sattoe and colleagues [33] found reasonable agreement (i.e., in 43-51 % of cases) and most disagreement tended to be minor, suggesting that the proxy problem may be smaller than presented in the literature and its extent may differ between populations. In addition, one must bear in mind that not only children's reports, but also the reports of parents can be biased [64] . In any case, both children's reports and parents' proxy reports should be obtained in the assessment of QoL to cover both informants' unique perspectives.
Treatment evaluation and QoL measurement
There is an ongoing discussion in the field about the standards for treatment evaluation in terms of the optimum definitions of treatment response, remission criteria, symptom reduction and the need to include other outcome parameters such as functional impairment and health-related QoL measurements [65, 66] . Tolin and colleagues [66] questioned the external validity of clinical trial results; i.e., whether the gains seen on standardized clinical measures correspond to clinically meaningful changes in real-world functioning. Lack and colleagues [37] strongly recommended QoL assessment in paediatric OCD patients as a relevant parameter for both assessment and treatment evaluation. According to the authors, "targeting symptoms only without attending to QoL may result in the confounding of assessment data as the patient may have reduced symptoms that do not translate into improved day-to-day functioning".
In many studies, a treatment response is defined as a 25-35 % reduction from baseline in the Y-BOCS or CY-BOCS score [65, 66] . In the NordLOTS study, responders were defined by a CY-BOCS score of <16. This definition was based on the experience in the Paediatric OCD Treatment Study, in which the same value was used to define clinically relevant OCD symptoms [67] . Another reason for the comparably high cut-off score was the fact that non-responders were later randomized to receive either CBT or a selective serotonin reuptake inhibitor (SSRI).
To avoid ethical problems treating children with only mild symptoms with medication, the criterion of a CY-BOCS score of <16 was used to indicate response. As a secondary outcome measure, a 30 % reduction in the CY-BOCS score was added to ensure that the primary outcome measure of a CY-BOCS score <16 did not inflate the number of responders.
In the abovementioned study by Palermo and colleagues [36] , remission was used to define a treatment response as: remitters Y-BOCS score, <8; mild OCD, 8-15; moderate OCD, 16-23; and severe OCD, >23. Consequently, they reported a larger number of individuals without QoL impairment (57 %) than the number of remitters (42 %) and that non-remitters had only mild QoL impairment in adulthood. These results may suggest that QoL was not directly related to symptom level despite the strong correlation between QoL and severity of residual symptoms. However, if a definition of responders with a Y-BOCS score of <16 including the participants with only mild OCD is applied, the percentage of responders would increase to 80 %, which supports our finding that QoL impairment was closely related to symptom level in children with OCD.
In a study of adults treated with medication, Hollander and colleagues [22] found that improvements of QoL correlated closely with improvements in the Y-BOCS score. They suggested that an important step towards achieving a consensus for any given outcome based on the Y-BOCS criterion is to demonstrate that such a criterion distinguishes patients on the basis of a clinically meaningful assessment that varies as a function of the Y-BOCS score. When they defined a response as a ≥25 % improvement in the Y-BOCS total score relative to the baseline, the mean QoL scores for responders and non-responders were clearly distinguishable.
We also found a clear relationship between symptomatic improvement and QoL, suggesting that QoL assessed using the KINDL-R is sensitive to treatment outcomes. This supports the use of the CY-BOCS cut-off scores used in this study to define treatment outcomes. However, a small subsample comprising six individuals reported clinically important QoL improvement without being classified as responders to treatment. Five of these participants had a large reduction in their CY-BOCS score (>9), but this change was not to an extent that they met the criteria for a clinical response. Only one participant reported QoL improvement without clinical improvement. Thus, without QoL evaluation or additional outcome criteria, a treatment response in these individuals could have been overlooked.
Our results of a close relationship between symptom reduction and QoL improvement are consistent with the results of Diefenbach [27] and Hollander [22] in adults with OCD. However, other reports have suggested an independence between a symptom response and QoL improvement in adults [30, 68] . Again, the reason for our findings could be that treatment in children has a more profound effect on QoL because it is likely that children have a shorter course of the disorder than adults. Another explanation, related more to the methodology, is that the various QoL assessment instruments have different sensitivities in terms of their ability to detect changes.
Comorbidity and QoL
Both ADHD and Tourettes syndrome (TS) are associated with poor QoL in children and adolescents [69, 70] and comorbidity seems to contribute to QoL reduction. Several studies investigated QoL in children and adolescents with TS. Both OCD and ADHD were significant contributors to the poor QoL in TS [71] [72] [73] . Comorbid OCD appeared to exert a greater impact on self and relationship domains of QoL and the combination of both OCD and ADHD in children with TS led to more widespread problems [74] . In an attempt to disentangle the differential impact of comorbid OCD and ADHD, Eddy and colleagues [75] found that severity of OCD symptoms was negatively related to QoL in several domains, suggesting that comorbid OCD could have a more widespread negative impact on QoL, whereas ADHD symptoms appeared to have a negative impact on self and relationship domains only. However, in this study the presence of just one of these comorbid conditions did not lower QoL scores significantly. Surprisingly, in our study, the presence of comorbidity was not associated with changes in QoL after treatment in both the children's and parents' reports. At the baseline evaluation, children with comorbidity and especially neuropsychiatric conditions had lower QoL compared with those without comorbidity. Comorbid internalizing and externalizing problems were associated with reduced QoL, although the correlations were low to moderate [38] . One could presume that the presence of comorbidity may result in fewer effects on QoL after OCD treatment because the comorbid conditions will continue to have a negative influence on QoL after treatment. However, the presence of comorbidity at the baseline was not associated with QoL changes in responders or in non-responders to treatment. This may reflect an expanding effect of CBT to other symptoms and problems beyond the reduction in OCD symptoms. On the other hand, the marked treatment impact on QoL in responders might override the lack of improvement in the small group of nonresponders. This is congruent with treatment outcome studies. In adult OCD, comorbidity does not seem to decrease the effectiveness of CBT for anxiety disorders [76, 77] . In children and adolescents comorbidity seems to affect CBT outcome differently. The presence of comorbid anxiety and tic disorders did not negatively affect CBT response, but other comorbidities as ADHD, conduct disorders and depression did [78] . In our sample, tic disorders (28 %) and anxiety disorders (21 %) were the most frequent diagnosed comorbidity groups. Also in the study of Palermo and colleagues [36] , childhood comorbid conditions such as tic disorders, ADHD, depression and other anxiety disorders had no significant value for predicting QoL in early adulthood.
In adults with OCD, the additive impact of comorbid depression on QoL is well documented [22, 24] . In Hertenstein's study [29] , QoL improvement after treatment was predicted by improvements in depressive symptoms. Moritz and colleagues [28] found the strongest correlations with QoL for depression severity and number of OCD symptoms. Hupert and colleagues [63] found that participants with OCD and comorbid psychiatric diagnoses showed the poorest QoL and that comorbid depression accounted for much of the variance. In the study of Kugler and colleagues [79] , depressive symptoms mediated the relationships between obsessive-compulsive symptom severity and emotional health, social functioning and general health QoL. In the only available study providing information about depressive symptoms in adolescents with OCD, Vivan Ade and colleagues [62] found a significant negative relationship between QoL and depressive symptoms as evaluated with the Beck Depressive Inventory. K-SADS-PL was used to confirm the diagnosis of OCD in the study, but no information about the relationship between QoL and depression above the diagnostic threshold was offered.
Severe depression with suicidal ideation was an exclusion criterion in the NordLOTS study. This could be one of the reasons why we had a low prevalence of depression in our sample. At the baseline assessment, only seven patients were diagnosed with depressive disorder. These patients and their parents reported tendencies to lower QoL compared with all other patients, but without reaching significance levels. Six of the seven patients with depression had one or more additional comorbidities. Thus, an analysis of the change in QoL in patients with comorbid depression during treatment would not allow any conclusion at all. The impact of comorbid depression on QoL may also reflect the total load of all comorbidities, which was not significant, as noted above.
Impact of family accommodation and psychosocial functioning on QoL
Family accommodation and psychosocial functioning at the baseline were not associated with changes in QoL after treatment in the children's and in the parents' reports. At the baseline evaluation, family accommodation was associated with low QoL, but the correlations were low to moderate [38] . Our findings may indicate that CBT was highly effective in most patients independent of the baseline psychosocial and family function. In the study of adults by Diefenbach and colleagues [27] , more impaired family functioning was the only demographic or clinical characteristic to differentiate the subgroup of patients whose improvements in OCD symptoms corresponded with improvements in QoL. The authors considered that this subgroup may have received more treatment that specifically targeted family functioning because the patients had more family involvement in rituals. However, because of the lack of measures of family accommodation in rituals, this hypothesis could not be tested. In our study, considerable effort was put into family work by encouraging caregivers to actively participate during their child's treatment. One interpretation of our results is that even non-responders had a non-specific benefit of the family component of the treatment.
Limitations
Because of the homogeneous socio-demographic factors and similarities in culture and language of the population in the Nordic countries, our sample was comprised of mostly relatively highly educated families of Caucasian origin. For example, the inability to understand one of the Nordic languages was an exclusion criterion. This represents a clear limitation to the generalization value for other populations. Another limitation is the lack of a treatment control group in our study. Although our results offer strong empirical support that QoL in children and adolescents with OCD is improved following CBT, conclusions about the causal relationship between CBT and QoL improvement cannot be drawn. A third limitation is the lack of follow-up data because QoL was assessed directly after the therapeutic intervention. There is no information available about the long-term impact of CBT on QoL in children with OCD. Thus, it is not clear whether the improved QoL scores will be maintained in this range or will deteriorate over time. A last concern is the use of a generic QoL instrument and not a disorder-specific QoL measure. Disorder-specific measures, designed to assess QoL in a certain diagnostic group may be more sensitive for QoL aspects which are particularly relevant for this group, while a generic instrument might underestimate those aspects. However, our aim was to compare QoL in children with OCD with QoL in the general population. Therefore, we had to use a generic instrument, allowing comparison between different populations. It could have been an advantage to add an OCDspecific QoL instrument, to cover aspects of QoL specifically related to OCD, for example involvement of parents in rituals, within the OCD group. One OCD-specific QoL instrument, Quality of Life in Obsessive-Compulsive Disorder (QoLOC) is developed for adults [80] . For paediatric patients a disorder-specific QoL instrument is available for TS [81] , but to our knowledge still to develop for OCD.
Conclusion
Children and adolescents with OCD had significantly lower QoL before treatment compared with the general population of children and adolescents. Responders to treatment exhibited improved QoL to the level reported in the general population. Non-responders reported no QoL changes after treatment except in one patient. Our findings suggest that QoL assessment with the KINDL-R is valid, informative and sensitive to treatment outcomes in paediatric OCD patients and supports the use of the CY-BOCS cut-off scores used in the study to define treatment outcomes. The results of this study support the application of QoL assessment as an additional measure of treatment outcome in children and adolescents with OCD.
